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PSHCH-TONE 


MELODY SYNTHESIZER WITH 28 CONTROLS & 63-NOTE MEMORY 


This is a new and unusual approach to 
music synthesis. The sounds it produces 
are modern—to say the very least—and 
the operation is extraordinarily simple. 
Technically, this is a ‘‘psuedo random 
sequence generator’ operating as a 
tune computer with tempo, voicing se- 
lection, tone shaping, and pause gates. 


EETHOVEN couldn’t synthesize musie 
like a Moog, nor could hie be programmed 

to turn out « melody of the listener's own 
choosing. The “Psyveh-Tonce” doesn't do those 
things either, but it is a real composer of svn- 
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thetic mnsic. Set up on its internal digital 
computer are 1728 differ ent 63-note sequences 
that can be selected and combined with any of 
63 pause combinations to produce 108,864 
different melodic lines. These melodies can be 
played at almost any tempo, pitch, or volume 
and they can be played forward or backward, 
right side up (normal seale) or upside down 
(inverted seale). Six ditferent voices are pro- 
vided and the user has full controt of the at- 
tack, sustain, and decay of the output. 
Beeause of the wide flexibility of the con- 
trols, the musie can lave the sound of a violin, 
a jiano, or something Like nothing vou ever 
heard before. Ou ocrasion, the music may 
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Fig. 1. The overall block diagram shows the signal flow for the system. Note 
that voicing filters and tone shaper are not finked to the monitor speaker 


PARTS LIST 


Ci—4000-pF . 6-volt electrolytic capacitor 
C2—0.1-pF. 10-relt disc ceramic capaciter 
C38—500-2F . 50-volt electrolytic capacitor 

C4—100-n.F. 25-volt elec wrolvtic ¢ apavitor 

C3. 1L0—-D047 KF. 30-rolt Mylar capacitor 

C6.C8—0.22. uF S0volt Mvlar capacitar 

Cc 7C15.C16.—4 Tok, 6-r0lt cleetralytic 
eapuctlor 

(.9.C12-C1A—O.47 pF. 5O-volt Mylar cupacitor 

CHHO0 1k dise capacitor 

Ol-Di—T-anipere, 100.volt diode (1N1002 or 
similar) 

DYsJ—24-volt, ]-wan zener diode (1N4749 or 
similar) 

D3-D7.)9—Silicon diode (1N914 ur similar) 

N8—3,3-volt zener diode (IN 746 ar similar} 

1€1—~Buai buffer (MC798P) 

162.1C4—Daual flip-Rop (MCI91P) 

105. 1€6—Quedd two-input gate (MC724P) 

J1i—Phono jack 

01-03,Q07-09—T ransistor (National 2N3129) 

14—Transistor (Nativaul 2N5139) 

O5—T runsistor {Motorola 2N-4871, do net 
substitute) 

Q6—T ransistor (Motorola MPS6523, do noe 
substitate) 

G10—T runsistor (Matoreta 2N-4351. do not 
substrate) 

RI—-330.uhnt. &-watt resistor 


RIPARI2,R31R33_RI6-RI8—1000.0ohm, 3- 


wall resister 
H5-R7--22.000-vhm. ¥4-watt resistor 
R8-R10—100,000-ohm potentiometer 
RE—11 0O0-uhit.? Avatt resistor 
R13.RI8—1500-ohm, %4-108utt resistor 
R14—5000-ehim potentioneter 


RiS—A10-ohm, M4 -awatt resister 

R16—20-ohm. Y-wratt resistor 

RIF R2IO—1110.000.0hm, 16-1eatt resister 

RIGKI8B—t700-ohm. Ve-wett resistor 

R21. RI3—27 O00-chm. Y-watt resistor 

R22. KRI4ER25—I)-megohm poten tiometer 

R2GKRIN—3300.0hm, Y-weatt resister 

R27 —1000.0ohm poteatiometer 

R29—2200-ohm, %4.wett resister 

R30—3300-ohm, 4-twatt resistor 

R34—8200-chm. 14-1att resistor 

R35—10,0M.vhim potentiometer 

R39. RAO—3.3-megehm, 4-iwatt resistor 

St-SI2—D pdt rocker switch 

S33.815—Single.pole, 12.position, non-short- 
ing rotary switch (Mallory 32112) 

S16-821—Interlocked six-station dpdt push- 
button switch assembly (Southwest Techni- 
cal SW-9678-st} or similar) 

Ti—Power transfurmer: secondaries: 2-4 volts 
at 100 mA. 6.3 rolts CT at 400 mA 


Mise.—Priated circuit: terminals (47, option: 


at), 3.2.chin speaker, suitable chassis, sub- 
chassis. grommets (3), tine cord with strain 
relict. bottom plate with meunting hard- 
teare. rubber feet, (4), suttch hardware, 
ground lugs {3}, %” haabs (9), %” knobs 
(3). 


Note—The following are available from South- 


west Technical Products. Box 16297. Sun 
Antonio. TX 6826: etched und drilled 
printed circuit board at $6.50. postpaid: 
complete hit atth chassis, dialplacze, and 
hardware at $47.65 plus postuge and in. 
surance for7 tb. 
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soand fumilinr but it is more likely to have a 
seience-fietion flavor with many wild tenal 
sequcniees. 

The Psyvch-Tene ean be nsed with its inter- 
nat menitor speaker; but, preferably, it shonld 
be connected to an external power amplifier 
to take advantage of the varions voices and 
the sustain, affack, and deeny provisions 
whieh are not available when only the moniter 
speaker is used. 


General Circuit Operation. The Psvch- 
Tone consists of seveu operational bloeks and 
a power supply as shown in Fig. 1. The tempo 
generator determines the reference heat (or 
clock) for the tane computer, which eyeles 
through 63 diflerent states in step with the 
clock pulse. The three tune seleetor switches 
convert the initial 63-note sequence into any 
one of 1728 different combinations. ‘Nhe tine 
computer also drives a pause selector cirenit 
that, decides when pauses are to be produced 
instead of tones. The selected sequence of 
notes and patues then goes to 1 tone genera- 
ter wlicre it is converted into audio tones. 

In the voiee selector (filters) the tones are 
shaped into one of six selected voices, in a 
mamer similar to the operation of ats electric 
organ. The tones are fnrther shaped in a 
variable-gain cirenit that provides for adjust- 
ing the duration (sustain), attack (how fast 
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Fig. 2. The tempo generator is a simple os- 
ciltator made up from a single quad-gate IC. 


the tone reaelies full volume), decay (how fast 
the tune dies away from full volnme), and 
loudness. 


Tempo Generator. This circuit, shown in 
Fig. 2, contnins a single integrated eireuit 
(/C1) operating as an astable multivibrator. 
Two square wave outputs are produeed—one 
having a fast fajl time and high drive eapa- 


bility for the tune computer, and the other for 


TO TUNE SELECTOR SWITCHES 


S13, S14, S15 
FIG 4 


Fig. 3. The tune computer is a digital sequence generator that repeats every 63 
counts and can be programmed for forward, backward. normal or inverted counting. 
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Fig. 4. Three tune-selector switches 
accept 12 outputs from the tune com- 
puter, and after the desired selection, 
deliver three signals to tone generator. 


FROM TUNE COMPUTER 
FIG 3 


ALSO AVAILABLE 

A recentiy introduced unit which is Quite 
similar to the Psych-Tone is the Muse. made 
by Triadex, Inc., Newton Upper Falls, Mass. 
With 14 trillion note combinations, the Muse 
has four switches for volume, tempo, pitch, 
and fine pitch and eight slide switches. Four 
of the latter vary the interval and thus deter- 
mine the notes, while the other four control 
the theme and variations of the melody. 
Triadex warns that it is possible to set up 
a composition that would take 30 years to 
play—which may be a little too long if you're 
only interested in the finale. The Muse is listed 
at $300. 


Circle No. 92 on Reader Service Page §5 or 95 
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the fone shaper sustain cirenit. The tempo 
(beat) is adjysted over a 5:1 range by po- 
tentrometer 7235. If desired, the vatnes of C25 
and C76 can be increased or decreased to slow 
dewn or speed up the tempo, respeetively. 


Tune Computer. As shown in Fig. 3, the 
cmnyatler is a “pseudo random sequence gen- 
erator.” Like a randan: noise sertree, the com- 
puter sequences appear to be totally unretated. 
Hawever, this cirenit can be programmed to 
return to exactly the same random sequence 
at any time. The logie consists of a six-stage 
shift register (/C2, £C3. and /C4) and an 
EXCLUSIVE OR gate (7¢%). The shitt reg- 
ister is toggled by the tempo gencrator de- 
seribed above. 

At each toggle pulse. each stage of the 
register shiffs a 1 or a 0 to the next stage. 
The last two stages (C4) drive the EXCLU- 


SIVE OR gate. Switelies S3 and S4 connect 
the logic so that the shitt register goes for- 
ward, backward, with a nonnal scale, or with 
an inverted seale, ‘The computer repeats every 
63 counts. While auy short sequence appears 
lo be a random train of binary words. the 
sine sequence repeats every time. Selector 
awitch S6@ hokls the computer in any inter- 
rnpted state until tlie user is ready to re-start 
the seyirenee, 

Each of the six stuyes has two possible out- 
puts: 2 true or Q and the complement or not 
Q output, Tims there are twelve outputs whielt 
are scleeted by $213, 824, and S235, shown in 
Fig. 4 so that thrive signaks are supplied tu 
the tene generator. 


Tone Generator. Tlic circuit shown in 
Fig. 5 is basically a unijanetion transistor 
oscillator (Q3) whose frequency is determined 
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Fig. 5. The tone generator consists of a UJT oscillator whose frequency is dependent on the current 
flowing through Q4. This in turn is determined by the pitch control and operation of Ql through Q3. 
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$7-S122 PAUSE PROBABILITY: 
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hy the value of C5 and the collector current of 
Qué. 

Transistors Q? Unrough Q3 cause the bnuse 
vollage of @i to vary in accordanee with the 
signals selected by $13, S74, snd S15. The 
effect of the signals on Q¢ is detemninel by 
the collector loads on Q1 through Q3. These 
are potentiometers F8 through £20. Normally, 
onc ceutrol is sect near maximum, one at the 
midpoint and the other near minimnm lo get 
a weighted average and provide a wide spread 
of torial valnes. The three ratio polentiomelers 
permit an infinite variety of tonal forms for 
each of the basic sequences. 

Pitch is controlled by R24, which, when 
combined with the tone-shifting base voltage 
applied te Qf, detezmines the frequeney of 
osvillation. Resistor #27 and transistor Q6 
form a buffer amplifier having a low-isped- 
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Fig. 7. Voice selection is sim- 
ilar to that of an_ electronic 
organ. To change the ‘‘color’’ of 
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any voice, vary component values. 
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Fig. 6. Pause gate is an arrangement 
of two-input gates having a common out- 
put. The presence of signals on six input 
lines determines when there is an output. 


ance oulput for the voice seleetor without 
loading the UJ T oseillator. 

Pauses are provided by Q7, which shorts 
out CS aud prevents a tone from being gen- 
erated when a pause is desired. 

The monitor speaker is switched in and 
out by $2 while diode D5 insures the same 
pttch whether the speaker is used or not. The 
speaker responds only te tone and pause se- 
qnences and is net affected by the sustain, 
attack, decay, and volume controls. However, 
the volume on the monitor is sufficient for 
practice sessions, 


Pause Gate. Asx shown in Fig. 6, the panse 
gate consists ot three two-input gates (706) 
arranged so that a leogie 1 on any input allows 
the tones to be preduced (through Q7). The 
six inputs come threngh selector switches $7 
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$7-Si2 
(PAUSE) 


si6-S21_~™ =_< J 
R8,R9,RIO 
(VOICES) a \ (RATIO) 


Although any mechanical arrangement can be used, the prototype was assem- 
bled to the front panef with a set of brackets and the potentiometer mounting 
hardware. The PC board is supported by the three tune-sefector switches. 


Ici 


The tune-selector switch terminals fit through holes drilled in the PC board, and are soldered 
to the foil side of board. The three switches then stipport the board away from the panel. 
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The six voice switches are mounted on their own bracket with other components attached directly. 
The switch combination should be such that only one switch can be operationai at any time. 


through $22, which provide eithcr a Q or not 
Q signal, the latter being ground. If alt the 
switehes were grounded, there would be no 
tone generated since the commen output would 
be high, saturating Q7 and stopping the oscil- 
lation of the UJT circnit. If amy five switehes 
are gronnded, the circuit plays ahout half the 
tones, with blanks or pauses at random inter- 
vals. With four switehes grounded, 34 of the 
tones are sounded; while grounding any three 
switches drops one note in cight (on the ayer- 
age). Tlie combination of switches used deter- 
mines the positions of the panses. Thus, there 
are 15 different ways to climinate every 
fourth note on the average and 20 dilferent 
ways to play the computer with an average of 
one note in cight missed, 


Voice Selector. The circuit shown in Fig. 
7 is controlled by a six-station interlocked 
pushbutton assembly (816 through $21). Tlie 
switches determine the waveform of the tone 
produced: sawtooth, peaked sawtooth, spiked, 
clipped, rough sinusoid, or overdriven. The 
filters suggested licre were chosen for econom- 
ical purposes; filters such as those found in 
electronic organs may be used to obtain other 
tonal qualities. 
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Tone Shaper. Tlic tone shaper (see Fig. 
8) converts the filtered tenes into individual 
notes. Transistor Q10 is biased by 3?39 and 
R40 to act as a variable resistor which con- 
ducts hoth positive and negative portions of 
a waveform equally. This transistor acts as a 
shunt to ground from the output terminal. 

The voltage across C8 determines the opera- 
tional mode of Q10. If this voltage is 6 or more 
volts positive (with respect to ground), Q10 
acts as a low resistance and shorts out the sig- 
nal. Tf C8 is grounded, Q10 passes all the 
signal. lutermediate valees of the control 
vollage result in a controlled output level. 

The rate at which C8 goes from a positive 
voltage to ground determines how fast the 
output amplitude rises (the attack time); the 
length of time that C8 stays near gronnd de- 
termines the sustain; and the rate of dis- 
charge oun C8 determines the decay time. The 
final ontput varies greatly for various valnes 
of altuek, sustain, and decay. With a mod- 
ernte unmount of all three, a violin elfect is ob- 
tained. With sharp attuck, short sustain, and 
long deeay, the percussive sound of a piano or 
chime is generated. A long attack, long sus- 
tain, and very short decay provide a totally 
nnreal sound similar to a recording heing 
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Fig. 8. The tone shaper modifies the envelope of 
the input signal in sustain (duration), attack, 
and decay. Variation of these three controls pro- 
duces some of the strange audio effects heard. 
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played backward, Tremolo effects are ob- 
tained whien the decay is set to overlap into 
the next tone, prodne¢ing a “waa-waa"™. With 
S35 in the glide position, Q70 is disabled and 
the seund js similar to that of a bagpipe. 

‘transistor Q& is a monostable stage pro- 
viding the sustain cffect. Its output is con- 
trolled by 722 and ts inverted by Q9. The 
oulput of QY is routed to C8 for the attack 
effect or R24 for decay. 


Power Supply. The circuit of the power 
supply is shown in Fig. 9. It generates 2-t 
volts de for tlhe tone gencrator cirenit aud 3.6 
volts d¢ for the digital logis circuits, 


$s! 
H7VAC 
Cc, 


Fig. 9. As shown in the schemati 
the power supply is Quite convention- 
al. The 24-volt supply has a zener 
diode regulator. The other side is 
not regulated since only the voltage 
level is of concern in the circuit. 
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Construction. An etched and drilled PC 
board is available commercially (see Parts 
List of Fig. 1) or yon can make your own 
from a foil pattern that can be obtained 
by sending 25¢ to Editorial Department, 
Porvvaar ueerronies, 1 Park Ave. New 
York, NY 10016, 

fnstall the components on the board as 
shown tn Fig. 10, Install the five jumpers next 
to the EC’s nsing insulated slceving on the two 
jumpers toward the center of the board. You 
may use PC terminals for the external cou- 
nections to the board. 

To save a lot of individual wiring, switches 
$13 through $2735 are mounted directly on the 
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Fig. 10. Component instaflation. Unfortunately, the actual size foil pattern is too large for the page. 


foil side of the board, with Ue switch terni- 
nals inserted through the byard. The inserted 
terminals may be crimped and fastened to the 
component side of the board with epoxy ce- 
ment; then solder them to the pads on the foil 
side. A small wire jumper at the common 


Author used a set of brackets and 
subchassis to assemble prototype. 
With some ingenuity, any other me- 
chanical arrangement can be used. 
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terminal of cach switch simplifies the final 
assembly. 

Whicn installing the components, use a low- 
wattage soldering irun and fine solder, and 
observe the polarities of all components. Sev- 
eral different basing schemes are used on the 
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Fig. 11. If you want to use metal supports, this drawing 
will give you a good idea of how they are used and placed. 


transistars so he sure vou get them installed 
properly. 

Transistor Q10 ean be damaged hy careless 
handling. To install this convpouent, wait mm- 
fil all the other parts have been mounted on 
the hoard. Do not remove the shorting ring 
that comes with the transistor nntil vou are 
ready fo install it. Jnst before matallation, 
wrap several turns of hare wire arvund the 
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In most cases, components directly associated 
with a switch are mounted on the switch terminals. 
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leads at the case, remove the shorting ring, 
and turn the subsirate lead up (it is left un- 
counccted). Install the transistor nsing: a low- 
power soldering iron (not a gnn). Onee it is 
in place, remove the shorting wire. 

Two snbchassis brackets and a larger 
U-shaped bracket are used iu the final assem- 
hiv (see Fig. 12). The cialplate is secured to 
the brackets using the potentiometer hard- 
ware. The transformer is mounted wherever 
convenient. The batom panel supports the 
speaker. 

To avoid wiring confusion, it is best to nse 
several colors of wire and group them into 
Naresses by ficing them or slipping them 
through lenyths of sleeving. 


Preliminary Checkout. Bouble clicck all 
wiring, install the varions knobs, identity the 
detfents on the switches, and use sone form of 
letlering lo mark all coutrois and switch posi- 
tions. 

Plug the unit in. turn on switch $7 and 
measure boll supply voltages to make snre 
they are correct, Place the monitor switch 
($2) inthe ON position andset S86 to PLAY. 
Set any three panse select switches ($7 
through $22) up and the other three down. 
The Psveh-Tone should start to compose. Con- 
nect an exjerual audio ainplifier and spenker 
tu J7 and note the clferts of the voice selectors 
(876 throneh S27) and all other controls, 

There are ne eperating rutes. Any and all 
of the 28 aperming eeirols eau be used in 
any scqnence to produce any desired eifect. 
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